F2* 



<12> 



UK Patent Application „»GB ,,-.2315131 m,A 



(21) Application No 97 14055 J 

(22) Date of Filing 04.07.1997 



(30) Priority Data 
(31) 9614528 
9620437 
9625132 



(32) 10.07.1996 
01.10.1996 
03.12.1996 



(33) GB 



(71) Applicam(s) 

Cambridge Imaging Limited 

(Incorporated in the United Kingdom) 

St Johns Innovation Centre, Cowley Road. 
CAMBRIDGE. C84 4WS, United Kingdom 

(72) Inventorts) 

John Gordon Rushbrooke 
Cta ire Elizabeth Hooper 
William Wray Neale 



(43) Date of A Publication 21.01.1998 



(51) INTO. 6 

Q02B6/04 

(52) UKCUEditionP) 

G2JJGCB1 JGG 

G1A AA4 ACJX AR7 AT2 AT23 

(56) Documents Cited 
GB 1250712 A 

(58) Field of Search 

UK CI (Edition 0 ) G1A ACJX ATH , G2J JGC81 JGG 
J3SC 

IMTCL 6 G02B 

Online databases : WPl JAPK) 



(74) Agent and/or Address for Service 
Keith W Nash & Co 

90-92 Regent Street CAMBRIDGE, C82 1DP, 
United Kingdom 



(54) Fibre optic coupling plate for checking fluorescence in a sample 

(57) A fibre optic coupling plate 24 has a sample viewing face 14 for receiving light from a sample 20, an 
output window 18 for conveying light from the sample to a detector 22 and an additional surface. A primary 
light path 16 conveys light from the viewing face 14 to the output window 18 and a second separate light path 
10 conveys excitation radiation from tho additional window to the viewing surface 14. The coupling plate 24 is 
further used for checking fluorescence in a tiample 20 and is used in an imaging apparatus which further 
includes a CCD camera and a sample holder adjacent to the viewing surface 14. 
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Title: Improvements in and relating to imaging 
Field ot invention 

This invention concerns methods and apparatus for imaging, 
particularly the imaging of fluorescing samples of the type in 
which the sample is first illuminated with an excitation 
radiation such as ultra-violet light and is subsequently 
interrogated for any resulting emission light due to 
fluorescence from within the sample. 

Typically a sample will comprise an array of a large number of 
sites each containing a small quantity of material or mixture 
of materials under investigation, and one convenient array 
comprises a plate containing a large number of wells arranged 
in a rectangular matrix each of which comprises a site; or a 
membrane, or a dish, over the surface of which exist a large 
number of reaction sites which are to be investigated. 

For the purpose of investigation an image of each of the sites 
(preferably all at the same time) is formed at the input to a 
detector which converts light into electrical signals. The 
detector may comprise a CCD camera which may be cryogenically 
cooled or may comprise a CCD camera preceded by or including 
an image intensifying device. 

pa<?)cgroiin4 %q %fte jnveAUon 

It is known from US Patent 4922092 to utilise a fibre optic 
device to couple the light emitted from such an array of sites 
to such imaging devices. 

It is an object of the present invention to provide a device 
by which an array of such sites can be coupled to a source of 
excitation radiation (such as a source of UV light), as well 
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as to the input of an imaging device, so that after exposure 
to excitation radiation, the sites can be inspected for any 
fluorescence arising therefrom. 

The invention will be of particular benefit where the sites are 
small and closely packed together as in the case of high 
density multi-well plates. 

Summary of the invention 

According to one aspect of the present invention there is 
provided a fibre optic coupling plate having a sample viewing 
face for receiving light from a sample, an output window for 
conveying sample originating (emitted) light to an imaging 
detector and an additional window through which excitation 
radiation can be projected, wherein there are provided a 
primary light path through the plate made up of optical fibres 
which will convey light entering the viewing face, directly and 
with minimal loss, to the output window, and a secondary light 
path separate from the primary light path, by which excitation 
radiation entering the additional window is conveyed to the 
viewing face for irradiating the sample. 

The coupling plate preferably includes radiation reflecting or 
absorbing means to restrict the exit of excitation radiation 
therefrom except as required to irradiate the sample. 

To this end, and where the material forming the coupling plate 
is not opaque to the excitation radiation, the optical fibres 
forming the primary path may be coated or sleeved with a 
material resistant to the transmission of the excitation 
radiation, and those areas of the output window not occupied 
by the optical fibre ends are rendered impervious to excitation 
radiation to prevent the latter from exiting in the direction 
of the detector. 

The primary light path fibres ar preferably formed from a 
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material which readily transmits light emitted from the sample 
but only poorly transmits excitation radiation wavelengths. 

The secondary path may comprise a second set of optical fibres 
which are bundled with the first set of fibres forming the 
primary path, and the fibres of both sets terminating in and 
comprising at least part of the sample viewing face. 

The ends of the fibres from the two sets may be interspersed 
in a random manner across the face of the sample viewing window 
or may be arranged in a particular pattern so that the fibres 
of the first set bear a fixed relationship both in position and 
number relative to the fibres of the second set. 

Where the second path is comprised of fibres, they are 
preferably formed from a material which readily transmits 
excitation radiation wavelengths. 

In a preferred arrangement, the secondary path comprises 
selected optical material which is capable of transmitting the 
excitation radiation and which surrounds, but is optically 
screened, from the optical fibres which convey the image light 
to the output window. 

The selected material is preferably in the form of a sleeve 
around each of the fibres of the first set, although in some 
circumstances it may be in the form of a block, of material 
through which all the fibres in the first set extend. 

In a particularly preferred arrangement, the coupling plate is 
formed from the said selected optical material and the fibres 
conveying the light from the sample to the detector are coated 
or sleeved with a material which is impervious at least to the 
excitation radiation wavelengths. 

The optical screening is most simply provided by a coating the 
fibres making up the said first set . In known manner the 



coating material is selected so that it not only serves to 
reflect any internal radiation (so as to improve the efficiency 
of the fibres), but is also selected so as to be reflective at 
the wavelengths of the excitation radiation so that it not only 
prevents the latter from entering the fibres but also renders 
available and useful reflected excitation radiation for 
subsequent reflection and possible emission out of the coupling 
plate towards the sample as required. 

By coating the fibres with a suitable material light within the 
fibres is completely prevented from escaping into the plate 
material surrounding them. 

According to a particularly preferred aspect of the invention, 
each of the optical fibres in the first set is replaced by a 
bundle of parallel very small diameter fibres, each of which 
is coated as aforesaid to prevent the ingress of excitation 
radiation and the exit of light from within the fibre. 

Preferably the small diameter fibres in each bundle are also 
separated one from the other by the said selected optical 
material which also surrounds and separates one bundle of 
fibres from adjacent bundles of fibres. 

In one embodiment the plate includes a large number of separate 
fibres, (or fibre bundles) as aforesaid, distributed 
substantially uniformly across at least the input face area of 
the plate, each fibre or bundle of fibres extending from the 
input face to another face thereof, which serves as the output 
window. 

If the density (ie the number per unit area) of the fibres (or 
bundles), across the face, is sufficiently high, it may not be 
essential for the fibres or bundles to be arranged in any 
particular pattern or have any particular spacing as between 
one and the next so long as each is a discrete isolated light 
path. 
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According to a furth r aspect of the invention, the input face 
area may be larger than the input window area so that the 
density of the fibres or bundles in the latter is greater than 
is the density of the fibres or bundles in the former. 

According to a further aspect of the invention, where a 
coupling plate as aforesaid is to be used with a sample having 
a regular array of reaction sites, (or wells) then the fibres 
(or bundles of fibres) are preferably arranged (at least over 
the input face of the plate) in the same pattern and with the 
same interstitial spacing as are the sites in the sample, so 
that registration is possible between sites and fibres (or 
fibre bundles), one fibre (or fibre bundle) registering with 
each site. 

Where the coupling plate is formed from selected optical 
material and the latter is used as the medium for conveying the 
excitation radiation, it is simply necessary for part of the 
well or site to communicate with a small region of the material 
forming the coupling plate to enable excitation radiation to 
exit thereinto. 

Where each site is "seen" by one or a few large area fibres, 
the area of the end of each such fibre (or group of fibres) in 
the input face must be somewhat less than the area of the site 
or well with which it cooperates, so that at least part of each 
site registers with an area of the input face of the coupling 
plate not occupied by optical fibre(s) leading to the output 
window, so that excitation radiation can exit therethrough into 
the site or well. 

Where for example the wells are circular and large diameter 
circular section fibres are centred relative to the wells or 
sites, the diameter of the fibre being less than that of the 
well, there will be an annulus of selected optical (plate) 
material around the fibre through which excitation radiation 
can pass to the sample. 
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However, th more preferred arrangement comprises a fibre 
bundle associated with each site, in which the individual 
fibres are spaced apart by the said selected optical material 
from which the plate is also formed, and the area of the bundle 
is commensurate with the area of the site or well. Excitation 
radiation is conveyed to the site or well through the material 
separating the individual fibres in each bundle. This has the 
benefit that the excitation radiation will tend to be more or 
less uniformly distributed over the area of the bundle and 
therefore the site or well so that excitation radiation is very 
closely coupled to all regions in the well or site which might 
react thereto. Where some assays are concerned, this is of 
considerable importance. 

In a coupling plate as aforesaid, it has been found that 
excitation radiation can be conveyed to the sites or wells, 
coupled to the input face thereof, by simply directing 
excitation radiation edgewise into the plate when and as 
required. Where the sites and fibres (or fibre bundles) are 
arranged in the same pattern and with the same spacing, the 
transfer of excitation radiation into the sites is best 
accomplished when the fibres (or bundles) are centred relative 
to the sites. 

In one arrangement the number of fibres (or fibre bundles) is 
the same as the number of sites in the sample. However with 
the tendency towards ever increasing numbers of sites per 
sample, an alternative arrangement is one in which the number 
of fibres (or fibre bundles) is a fraction of the number of 
sites in the sample and all of the latter can be inspected, 
albeit in a sequence of steps, by moving the sample relative 
to the coupling plate input face (or vice versa) until all of 
the sites have been brought into registry with the fibres 
(bundles of fibres) at one time or another in the said sequence 
of steps. 

Where the excitation radiation is in the ultra-violet the said 
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select optical material may be silica glass. 

where the fibres extend into the input window surface, the area 
of the window surrounding each fibre (whether large individual 
ones or small diameter fibres making up bundles) may be 
rendered opaque to ultra-violet radiation by acid etching the 
silica glass, coating the whole surface of the output window 
with a titanium dioxide or epoxy and then grinding the coating 
material down to expose the ends of the fibres while leaving 
the coating material in the troughs created by the etching 
process in the surface of the glass surrounding the fibres. 
In this way only the fibre ends extend through the coating 
material and by a choice of suitable coating material such as 
suggested, ultra-violet radiation within the coupling plate can 
be prevented from exiting around the fibre ends towards the 
detector. 

As indicated above, the excitation radiation may be projected 
edgewise into the coupling plate and this edgewise projection 
may take one of a number of different forms. 

In one arrangement a single source of excitation radiation is 
directed through a single window in the edge of the plate, and 
the edge and output face surface of the plate are all coated 
(eg with titanium dioxide/epoxy) so that the only exit path for 
excitation radiation is towards the sample, through the optical 
material from which the coupling plate is formed which 
surrounds the fibres in the input face. 

Modifications of this arrangement involve the use of two, three 
or more such radiation sources arranged symmetrically around 
the coupling plate, each having its own input window through 
which radiation therefrom can be projected into the coupling 
plate. 

In a preferred arrangement, the whole of the edge of the plate 
is left as an input window for excitation radiation, and the 
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coupling plate is embraced and completely surrounded by 
excitation radiation from one or more sources arranged thereon 
around. Reflecting means may be provided external to the plate 
more evenly to distribute the radiation towards the edge of the 
coupling plate. 

Filters or shutters may be provided so as to prevent the 
ingress of excitation radiation except when required. 
Absorption filters may be provided for absorbing any excitation 
radiation which may leak via the fibres at the output window. 
This latter feature may be important where the detector is 
sensitive to the excitation radiation wavelengths as well as 
the fluorescence wavelengths (as is normally the case) since 
any leakage of excitation radiation into the input ends of the 
fibres either, directly, or after reflection from the sample, 
could swamp or even destroy the detector the sensitivity 
certainly temporarily, if not permanently. 

By coupling the plate directly to the sites or wells and to the 
input window of the detector means (whether a CCD camera or an 
image intensified camera or an image intensif ier) , cross-talk 
(caused by a region of the detector receiving light from the 
fluorescence occurring in two more sites) has been found to be 
virtually eliminated. This allows adjacent sites to be imaged 
simultaneously which speeds up the inspection process. 

This advantage is also important since it may be desirable to 
be able to irradiate and then check for fluorescence very 
quickly and without previous multiple exposures to excitation 
radiation. The invention allows all of this to occur since all 
of the sites which are irradiated are immediately available for 
detection, and in general sites which are not available for 
detection are not irradiated. 

The invention also lies in a method of checking for 
fluorescence in a sample, comprising the steps of irradiating 
the sample with xcitation radiation, removing or ceasing the 
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excitation radiation, and conveying any fluorescent light 
arising from the sample via fibre optic means to the input of 
a detector, wherein the excitation radiation is projected into 
a coupling plate through which the optical fibres extend, and 
the plate includes an optical path by which the excitation 
radiation can exit to the sample. 

The invention also lies in apparatus for imaging fluorescence 
light arising from reaction sites in a pre-excited sample, 
comprising a sample holder, a coupling plate adjacent the 
holder having fibre optic means extending from the face thereof 
adjacent the sample holder to an input window of a detector 
such as an image intensifying CCD camera, a source of 
excitation radiation, housing means containing the source and 
the coupling plate, an optical path through the coupling plate 
for conveying excitation radiation to at least one area of the 
face of the plate adjacent the sample holder, means preventing 
excitation radiation from leaving the coupling plate at least 
in the direction of input window of the detector, means for 
controlling either the excitation radiation source or shutter 
means, so as to enable excitation radiation to be projected 
into the coupling plate only when required, signal processing 
means receptive of electrical signals from the detector means 
for at least storing and/or displaying the electrical signals 
as visually distinguishable regions in a visual display 
corresponding to part of or the whole of the input window of 
the detector. To this end the signal processing means may 
comprise windowing and/or scaling means to enable signals from 
only part of the area of the input window to be displayed as 
a full screen display in the visual display device. 

The latter may comprise a television camera or LCD panel and 
preferably is such as to enable different colours to be 
displayed. 

Preferably the signal, processing circuit means attributes, 
different colours to different intensities of light incident 



on the detector. 
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Where wavelength discrimination is also required, filter means 
may be provided to enable the detector to be responsive first 
of all to one wavelength, and then another. 

Each image may be stored and then displayed either in sequence 
or simultaneously in registration. The visually 

distinguishable regions therein corresponding to the different 
light emissions may be displayed in different colours for 
example according to wavelength and/or intensity of the light 
received by the detector. 

In some circumstances/ optimal coupling between the sample and 
the plate and/or between the plate and detector has been found 
to occur when a very small gap is provided between the sample 
and the input face of the coupling plate and/or between the 
output window and the input window of the detector. The size 
of any such gap must be such as to not permit an unacceptable 
increase in cross-talk to occur. However a gap between the 
sample and the input face of the coupling plate, assists in 
permitting sliding movement of one device relative to the 
other, where as will normally be the case, the area of the 
input face of the coupling plate is signif icantly smaller than 
the overall area of the sample, so that it is necessary to move 
the sample relative to the coupling plate (or vice versa) to 
allow all of the sites on the sample to be irradiated and 
inspected. 

In apparatus as aforesaid, drive means may be provided for 
accurately indexing the sample holder relative to the coupling 
plate (or vice versa). 

The drive means is preferably computer controlled and the 
latter may also be programmed to control the production of the 
excitation radiation (or the operation of a shutter or other 
device for exposing the coupling plate to the excitation 



radiation), as required, and for whatever duration is required. 

Both the indexing and the exposure and/or the exposure duration 
are preferably separately and independently programmable. 

Although the invention is of particular application to multi- 
well sample plates in which each of the wells comprises a 
reaction site which is to be exposed and investigated, and 
these are essentially viewed from below through the coupling 
plate, the invention is not limited to such an arrangement, and 
where the sites are located on a medium or support surface 
through which light is only inefficiently or inadequately 
transmitted, the coupling plate may be inverted so that it is 
in contact with, or very close to, the surface on which the 
sites are located, so that excitation radiation is now directed 
in a downward sense through the coupling plate and it is 
upwardly directed light caused by fluorescence instigated by 
the irradiation which is detected. 

Where universal apparatus is to be provided in which a sample 
can be inserted for viewing either above or below, two coupling 
plates may be provided with appropriate light paths from a 
common excitation radiation source, or separate excitation 
radiation sources may be provided, one for each coupling plate* 
The one plate may be above, and the other below, a sample 
holder which is adapted to receive multi-well plates or petri 
dishes or the like and which can be viewed from above or below. 
The fibre optic bundle in the upper coupling plate may be 
extended beyond the plate in the form of an umbilical which is 
curved through 180° to extend in a downward sense to an output 
window remote from the upper coupling plate. The two output 
windows, the one relating to the lower coupling plate and the 
other corresponding to the exit end of the fibre optic bundle 
from the other coupling plate, may be arranged side by side in 
the same plane and a single detector may be movable by drive 
means from a position where it registers with the output window 
of the underside plate to a position where it registers with 
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the exit end of the fibre optic bundle from the upper plate. 



Alternatively prism means, mirror means or lens means may be 
used to enable light from both fibre optic bundles to be imaged 
onto the input window of a single detector, although because 
of aperture problems associated with lenses this latter option 
may not normally be available in low light conditions. 

Alternatively two separate detectors are provided one for the 
upper and one for the lower coupling plates. 

Drive means may also be provided within such apparatus for 
moving the coupling plate (5) towards and away from the sample 
holder, and where two such coupling plates are provided, 
separate drive means is provided for each, so that having 
inserted a sample and indicated to the apparatus whether it is 
to be inspected from above or below, the appropriate drive 
means is engaged for moving the appropriate coupling plate 
towards the sample. Sensing means may be provided for 
determining when the coupling plate occupies the desired 
position for irradiating and inspecting the sample. 

In the event that radiation and inspection is required from 
above and below, both coupling plates may be moved into 
position to permit irradiation and detection of fluorescence 
by one and/or then the other or both simultaneously. 

It will be noted that in the case of an apparatus having above 
and below coupling plates, the sample may be irradiated using 
the excitation radiation source associated with one coupling 
plate and any resulting fluorescence may be detected using the 
detector associated with the other coupling plate. 

According to a further feature of the present invention the 
optical fibres forming the primary light path in the coupling 
plate are arranged in groups, and each group is arranged to 
receive emission radiation from a single sampl site, to 



13 

transfer the emission radiation from that site to a discrete 
region of the output window viewed by the camera. 

Conveniently the groups form fibre optic bundles. 

Preferably the external surface of the fibres making up each 
bundle, or at least the outside surface of the bundle, is 
formed with an opaque coating, typically a radiation reflecting 
surface. Conveniently titanium dioxide paint may be used. 

Typically the area of cross-section of the input end of each 
bundle is commensurate with but a little smaller than the 
cross-section area of the sample site from which radiation may 
be emitted into the bundle. 

Since it is necessary for excitation radiation to enter the 
sample site so as to initiate fluorescence and thereby generate 
emission radiation, the input end of each bundle is preferably 
spaced from the underside of the reaction site by a small 
distance and an annular window is provided through which 
excitation radiation can pass into the base of the reaction 
site, around the end of the bundle. 

Preferably an annular shield is provided around the end of the 
bundle so as to prevent direct ingress of excitation radiation 
into the input end of the bundle, and to generally direct 
excitation radiation towards the outer annular region of the 
reaction site, through which region the excitation radiation 
passes. 

In a preferred arrangement, a plurality of reaction sites are 
arranged in the form of wells in a so-called multi-well plate, 
the wells and the fibre optic bundles are generally circular 
in cross-section, the well sites all have the same diameter, 
the fibre optic bundles are all of another slightly smaller 
diameter, and the circular cross-section fibre optic bundles 
are centrally aligned, one below each well sit . For 



simplicity the has of each well is transparent to both 
emission and excitation radiation and in order to reduce cross- 
talk between adjacent well sites an apertured opaque plate may 
be located immediately below the wells, the apertures in the 
plate being circular and spaced so as to align with the wells. 
By making the diameter of each aperture just a little larger 
than the internal diameter of the corresponding well with which 
it is aligned, and by making the outside diameter of the fibre 
optic bundle viewing the underside of the well slightly smaller 
in diameter than the internal diameter of the well, a small 
annular region will exist through which excitation light can 
enter the well, around the outside of the fibre optic bundle 
and within the opening in the opaque plate. 

Instead of forming openings in an opaque plate, the latter may 
be formed from material which is transparent to both excitation 
and emitted wavelength, and those regions which are required 
to be opaque are coated or impregnated with an appropriate non 
transmittive material, typically a reflective material, so as 
to inhibit the passage of either excitation or emitted 
radiation except through the untreated window regions left in 
the plate. 

The windows may be formed from the same material as is the base 
of the wells. A clear polystyrene material may be used. 

Where the underside of the well window is spaced from the end 
of the fibre optic bundle the gap between it and the end of the 
fibre optic bundle is preferably filled with a transparent 
material having a similar refractive index to that of both the 
well base and, if provided, the intermediate window. 

Where clear polystyrene is used for the well base and the 
window material, a clear polystyrene plug may be located 
between the end of the fibre optic bundle and the underside of 
the base or the window in the plate. 
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Where an opaque and preferably reflecting annular shield is 
provided around the end of the fibre optic bundle to reduce the 
possibility of excitation radiation directly entering the 
fibres in the bundle, the annular shield preferably also 
extends around the plug of transparent material between the end 
of the fibre optic bundle and the underside of the well. 

In a particularly preferred arrangement, the end of the fibre 
optic bundle may be surrounded by an annular sleeve of 
excitation wavelength transmittive material/ the inner surface 
of which is formed with an opaque and possibly reflective 
coating, to prevent the passage of excitation or emitted 
radiation therethrough, and the fibre optic bundle terminates 
part way through the sleeve and a transparent plug may be 
fitted into the remaining space within the annular sleeve. 

The annular sleeve may serve as a diffuser and be constructed 
accordingly. 

Typically the external diameter of the annular sleeve is the 
same as the diameter of the window in the opaque plate. 

Where the opaque plate is apertured, the annular sleeve may be 
fitted and secured into the window so that one end of the 
annular sleeve, together with the central plug above the fibre 
optic bundle end, is flush with the surface of the apertured 
plate which cooperates with the underside of the well(s). 

The apertured plate may be bonded to the underside of the wells 
or a small gap may exist as would be the case where it is 
necessary to be able to replace one array of wells with 
another. 

Typically the wells are formed in a single plate called a well- 
plate. 

According to a preferred feature, the transparent plug fitted 
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within the annular sleeve surrounding the end of the fibre 
optic bundle may be formed from filter material so that 
radiation of one wavelength is favoured relative to radiation 
of another. 

By selecting the characteristics of the filter material forming 
the plug, the latter may serve to restrict the entry of 
excitation wavelengths into the fibre optic bundle and/or 
favour emitted radiation of one wavelength as opposed to 
emitted radiation of other wavelengths. 

In one embodiment of the present invention, the output end of 
the fibre optic plate is coupled to a camera input window via 
a filter* The purpose of the filter is to restrict wavelengths 
entering the camera to those of expected, or wanted, emissions 
so as to ideally remove from the camera input any radiation at 
unwanted wavelengths such as stray excitation radiation 
transmitted via the fibre optic plate, or the like. 

In an example involving 96 fibre optic bundles, the 96 outputs 
of the bundles may be arranged in any convenient configuration 
or aspect ratio depending on the output of the camera to which 
the image is to be applied. Where the latter is generally 
circular, the 96 rods may be arranged in a generally circular 
or hexagonal array so as to substantially fill the entrance 
window of the camera, and if the latter is 40mm diameter and 
the rods fill an area of 32x42mm 2 , there should be adequate 
spacing between rod centres (approximately 2.5mm) to ensure 
minimal cross-talk between bundles. Where an emission filter 
is inserted between the plate and the camera input, this should 
be as thin as possible, and may need to be less than 0.5mm to 
ensure acceptable levels of cross-talk. 

The invention will now be described with reference to 
particular examples, and with reference to the accompanying 
drawings , hereinafter referred to, in which: 



Figure 1 illustrates one adaptor plate embodying the invention; 

Figure 2 is a similar view of another adaptor plate embodying 
the invention; 

Figure 3 is a cross-section through a preferred embodiment of 
the invention showing the adaptor plate sandwiched between a 
multi-well sample plate and a camera input window; 

Figure 4 is a cross-section to an enlarged scale through one 
of the composite transfer rods of Figure 3; 

Figure 5 is a cross-sectioned elevation through one of the 
composite transfer rods of Figure 3; 

Figure 6 illustrates how an adaptor plate can interrogate a 
multi-well sample plate and illustrates the registration of the 
composite transfer rods with the wells in the sample plate; 

Figure 7 shows a modification of the arrangement shown in 
Figure 3 in which the composite transfer rods are extended 
beyond the adaptor plate; 

Figure 8 is a similar view to that of Figure 3 of an adaptor 
plate constructed as another embodiment of the invention which 
does not require accurate registration with reaction sites or 
wells; 

Figure 9 shows how the adaptor plate of Figure 8 can be 
modified to reduce cross-talk when used with a sample having 
regularly spaced apart reaction sites; 

Figure 10 is a cross-section to an enlarged scale illustrating 
another embodiment of the invention; and 

Figure 11 is a similar schematic view of a modified version of 
the arrangement shown in Figure 10. 
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Detailed description of ^h<* drawings 



One embodiment of the invention is shown in Figure 1. This is 
based on the use of fibre optic combiners/duplicators 
(splitters) as illustrated in Figure 17 of the Galileo 
Technical Memorandum 100, entitled "Fibre Optics - Theory and 
Applications". Such fibre optic components are manufactured 
using a technique of interleaving layers of fibre bundles, 
which are made as typically 50 urn thick ribbons, arranged in 
strips. As indicated in the Galileo article, individual 
ribbons can be diverted into two directions at one end and 
combined to make a fused bundle at the other. If required, the 
entire assembly can be constituted as a fused or integrated 
fibre optic device. 

Figure 1 shows how such an integrated device can be used for 
fluorescence contact imaging. Here one ribbon in five is 
utilised for excitation illumination and the remaining four of 
every five are available for the imaging bundle. The ratio of 
illumination fibres to emission fibres can be varied depending 
on the application. There is a slight loss in imaging 
efficiency and resolution resulting from the use of some of the 
fibres for illumination. 

The illumination bundle 10 can receive light from the pulses 
source (not shown) if required or a continuous source and/or 
via filters (not shown) etc. 

A sample 12 containing wells 14 is shown below the lower face 
of the integrated device 16 and the output face 18 is available 
for coupling to an input window of a detector such as a CCD 
camera which may include imaging intensifying means or may be 
a cryogenically cooled device. 

Figures 3 onwards show a sample 20 coupled to a fibre optic 
input window 22 of an image intensifier or image intensifying 
CCD camera, via an adaptor plate 24. The adaptor plate can be 



imaged via a lens onto the input 22 albeit with reduced light 
gathering efficiency and a cooled CCD camera may be used in 
place of a standard CCD camera or imag intensifier CCD camera. 

The sample plate 20 comprises a rectilinear array of clear 
bottomed wells, one of which is denoted by reference numeral 
26, separated by opaque material 28. 

Underneath the plate is shown one form of adaptor plate 24 
which interfaces the sample to the camera input, permitting 
simultaneously irradiation of a large number of sites, if not 
all of the sites, of the sample, with excitation light such as 
UV, and simultaneous collection from each of the illuminated 
wells, individually, of the resultant emission light. 

A thin barrier filter 30 (typically less than 1mm thick) may 
be inserted between the adaptor plate and the camera input, to 
repress UV transmission to the camera. 

The adaptor plate 24 consists of a plurality of bundles 32 of 
optical fibres each positioned immediately under each one of 
the wells being interrogated. The bulk of the adaptor plate 
24 is made of silica glass which transmits both UV and visible 
light efficiently. Holes are formed in the plate into which 
the bundles are secured. 

The bundles 32 may be held in position by a friction fit or by 
an adhesive. 

In each bundle the individual fibres are spaced apart and held 
in place by non-f luorescing material which will transmit UV, 
and typically silica glass is used as the binding matrix. 

Although not shown, the bundle of fibres in each rod may be 
replaced by a single fibre provided there is a sufficient 
annular region around the fibre of UV transmitting matrix 
material through which the UV can pass into the underside of 
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the well. 

Figure 4 shows in cross-section one of the bundles. Since the 
individual bundles are generally cylindrical and axially longer 
than their diameter, they are sometimes referred to as rods and 
since they can transmit both UV and ordinary light along two 
different paths, they are referred to as composite transfer 
rods. 

As shown in Figure 4, a rod comprises many optical fibres 34 
arranged in a random or regular pattern, of high numerical 
aperture (NA), embedded in a cylindrical plug of non- 
fluorescing material which will transmit the excitation light. 
Silica glass may be used where the latter is UV. The 
refractive index of the silica glass ideally matches that of 
the material from which the bulk of the adaptor plate 24 is 
made, and in which the rods are embedded. To this end the 
adaptor plate may also be formed from silica glass. 

Each fibre is sheathed or coated to prevent excitation light 
within the composite transfer rod from entering the fibres. 
The coating may be simply opaque to UV so as to block the 
ultra-violet. Alternatively the coating may have reflecting 
properties such as if a metallic material is used in which 
event the coating may actually serve to reflect ultra-violet. 
The fibres conduct any emission light arising from excitation 
of and subsequent fluorescence of the sample, to the imaging 
detector, and preserve the spacial resolution. 

In general the adaptor plate 24 is coated externally with a 
reflecting layer to contain the excitation light therein, to 
aid uniform and substantially intense illumination of the 
sample. The excitation light can of course escape from the 
upper end of each rod around the fibre ends in each rod end, 
ie through the material denoted by the reference numeral 36 in 
Figure 4. 
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A similar coating or blackening of the similar areas 36 at the 
lower end of each rod will prevent excitation light passing 
directly into the camera. 

Figure 5 is a schematic side view of one of the rods. 

Two of the fibres are shown at 38 and 40 within a rod 32. UV 
radiation 42 within the plate 24 enters the rod 32 and escapes 
into the well 26 in the sample plate 20 to irradiate material 
such as cells or molecules 44. Light emitted by them as a 
result of fluorescence initiated by the ultra-violet radiation, 
is denoted by 46, and this can pass via fibres 38 , 40 to the 
detector input 22. 

Figure 6 is a schematic plan view. Here the sample being 
interrogated (at plate 20) is placed with its reaction sites, 
for examples wells 26, in registration with the transfer rods 
32 in the adaptor plate 24. A portion of the sample plate 20 
is interrogated at any given time and it or the adaptor plate 
and detector is then moved to allow another portion to be 
interrogated, thus effectively stepping across the sample 
plate. This is necessary where the sample area is greater tan 
the adaptor plate area and multiple images are required to 
"see" the whole area of the sample plate. 

The excitation light is typically UV and is projected into the 
plate at regular intervals around its circumference by means 
of light guides or a suitable peripheral illumination means. 
This allows the use of a separate and remote UV source (not 
shown) which may incorporate excitation filters (not shown) 
including narrow band interference filters, to provide 
selective narrow wavelength excitation. Such filters could be 
arranged in a filter wheel (not shown) allowing excitation to 
the series of different wavelengths and if necessary at high 
speed. Sets of matched excitation and emission filters for 
given excitation sources and fluorescent applications are 
provided by a number of optics manufacturers, for example Omega 
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Optical Inc of Vermont, USA. Omega Filter set XF22 may be used 
for irradiating fluorescein. Set XF27 may be used for Fura 
red* 

Figure 7 shows alternative optics in which the transfer rods 
32 are extended out of the plate 24. 

This is a variant of the earlier arrangement in which the 
adaptor plate 24 multiplexes the same geometry onto the 
detector via an array of composite transfer rods. In Figure 
7 the transfer rods are of the same general construction as 
described in relation to Figures 3 to 5, but are extended in 
length, and if so desired, with greater separation, to permit 
a larger area of the sample plate to be interrogated. The 
sample end 48 of each rod 50 interrogates a well by 
illuminating it with excitation light and transferring the 
emission light (if any) via the fibres within it to the 
detector or camera 52. In the example shown, the rods extend 
upwards to read every third well of a plate, which therefore 
requires two steps in the X direction and two steps in the Y 
direction from the position shown, for a complete read-out of 
the sample plate. This would be the case where an array of 96 
rods interrogate a 384 well plate. 

A filter 30 is shown between the plate 24 and the 
camera/detector input 52. 

At the adaptor plate the rods can, if required, be arranged at 
separations and configurations different from those dictated 
by the placing of the wells 54 in the sample plate 56. This 
offers advantages at the sample end and at the camera end. 

At the sample end the rods can now interrogate either adjacent 
or separated if so desired, for example to minimise cross-talk 
or to optimise sample presentation and liquid handling 
arrangements, where for example a liquid has to be injected 
into reaction sites, or for kinetics measurements where 
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repeated measurements of reaction sites are required. 

At the detector end the rods can be spaced more closely 
therefore better to match the camera and may be arranged as to 
minimise cross-talk. 

Whether embedded in Figure 3 or extended as in Figure 7, the 
composite rods may taper in cross-section, ie have different 
input and output diameters and the fibres within the rods may 
also taper or be of constant diameter. 

Free format adaptor plate 

The invention can be generalised to allow imaging of a free 
format sample for example a random sample array such as a DNA 
or peptide sample on a membrane blot or gel; or cells growing 
in a Petri dish, or on a membrane filter. Instead of just a 
region under each well having a composite transfer rod with an 
optical fibre arrangement as described herein, the optical 
fibres may be distributed over the whole area of the adaptor 
plate. Such an adaptor plate gives total flexibility as to the 
position and spacing of the individual sites in the sample. 
Such a free format adaptor plate is shown in Figures 8 and 9. 
Here the sample comprises a membrane 56 on which there are a 
plurality of randomly occurring reaction sites such as 58. The 
membrane transmits both UV and emitted light, and UV is 
introduced into the plate 54 through the edges thereof via UV 
light guides 60 (see Figure 9). 

The plate 54 is formed from UV transmittive glass (silica glass 
of appropriate reflective index may be used) through which the 
myriads of parallel spaced apart optical fibres 62 extend. The 
latter are coated with UV resistant material to separate the 
UV from the fibres. 

The image formed on the base of the plate 54 by the emitted 
light escaping from the fibres 62 is transferred to the input 
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of a camera 64 through a filter 66 typically resistant to UV 
wavelengths. 

A UV reflecting coating is applied to the base of the plate 54 
but not so as to cover the ends of the fibres 62, so as to 
prevent UV from entering the camera/detector. 

A fibre optic device is preferably employed in the window of 
the camera/image intensifier 64. 

The fibres 62 may be arranged randomly (albeit not touching) 
or in a regular or irregular pattern (when viewed in plan 
view). 

A further embodiment of the invention is shown in Figures 10 
and 11. 

In Figure 10 two wells 110 and 112 forming part of a raultiwell 
plate generally designated 114 are shown in the upper part of 
the drawing and a camera input window 116 is shown in the lower 
part of the drawing. Light emitted by a sample such as 118 in 
well 110 is conveyed via a fibre optic bundle 120 to the camera 
via a filter 122 which serves to remove unwanted wavelengths 
such as excitation wavelengths and spurious emissions should 
they occur. 

The fibre optic bundles 120 are carried between two opaque 
plastic plates 124 and 126 which are separated and held 
together by a boundary wall (not shown) to form a hollow box 
through which the fibre optic bundles 120 extend. 

The upper plate 124 is apertured as at 128 and 130, 132 and 134 
and the lower plate 126 is likewise formed with openings 
through which the fibre . optic bundles such as 120 extend. 
These openings are shown at 136, 138 (in the case of fibre 
optic bundle 120), 140 and 142. 
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For clarity only fibre optic bundle 120 is shown in Figure 10, 
but it will be appreciated that similar bundles extend below 
each of the apertures 130, 132 and 134 to extend across to the 
apertures 140, 136 and 142 respectively in the lower plate. 

In a typical arrangement, there may be as many as 96 wells in 
the well plate 140 and likewise 96 fibre optic bundles such as 
120 which extend in alignment with each of the wells. 

As shown, each of the windows such as 128, is a solid clear 
polystyrene material through which light can pass. 

A transparent plug 144 occupies the space between the underside 
of the window 128 and the input face 146 of the respective 
fibre optic bundle 120. Typically clear polystyrene is used 
for the material of the plug. Alternatively the plug may be 
formed from a filter material so as to further assist in 
removing unwanted wavelength from the light passing through the 
fibre optic bundle 120. 

An annular sleeve 148 also of polystyrene material surrounds 
the upper end of the fibre optic bundle 120 and the clear 
polystyrene plug 144. the inside cylindrical surface 150 of 
the sleeve 148 is formed with an opaque, possibly reflective, 
material so as to restrict the loss of light from any 
fluorescence which occurs within the sample and also restrict 
the entry of excitation radiation directly into the upper end 
146 of the fibre optic bundle 120. 

The outside surface of the fibre optic bundle or the external 
surface of each of the fibres making up the bundle is coated 
with a reflective material such as titanium dioxide. In a 
similar manner the inside surfaces of the two plates 124 and 
126, (except where apertures or windows are formed therein) are 
also coated with a similar reflecting material. 

The coating material is selected so as to be opaque to 



excitation wavelengths so as to prevent the ingress of 
excitation radiation into the fibre optic bundles. 

In order to stimulate fluorescence, excitation radiation is 
directed into the hollow space between the two plates 124 and 
126 and by appropriate selection of the material forming the 
annular sleeves, some of this radiation will pass through the 
sleeve material, through the clear polystyrene windows such as 
128 and 130, through the material forming the base of the well 
plate designated by reference number 152, and into the assay 
contained within the well. 

In known manner the assay includes materials which if subjected 
to excitation radiation will fluoresce at known wavelengths and 
it is the fluorescent emission radiation which is transmitted 
via the base 152 and window such as 128 into the fibre optic 
bundle 120 associated with the well concerned. 

In the well 110, there is a liquid 154 and solid material 156, 
which may comprise phosphor coated particles having part of the 
assay on their surface. In accordance with known techniques 
the other labelled phase of the assay exits in or is introduced 
into the liquid, and the binding of the two parts of the assay 
is indicated by the degree of fluorescence from the sample. 

Unlike the fibre optic bundle described in relation to Figure 
1, the optical fibres making up the bundle 120 are grouped 
together and are touching so as to form a rod and there are no 
spaces between the fibres through which excitation radiation 
can enter and along which such radiation can pass into the well 
110. Instead all excitation radiation entering the well must 
pass through the annular sleeve 148. 

The latter may be formed from polystyrene which may be 
translucent, as opposed to transparent, so as to diffuse any 
radiation passing therethrough to produce more even 
illumination of the well. 
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As hitherto described, the fibre optic bundles making up the 
transfer rods can be grouped differently at the output end of 
the plate from the arrangement at the input face of the plate, 
in which the number and spacing and size is dictated by the 
arrangement of the wells in the sample plate. This enables any 
desired arrangement or pattern of fibre optic bundle ends to 
be presented to the filter. 

In Figure 11 the same reference symbols have been used as in 
Figure 10 to denote similar items but the fibre optic bundle 
120 is now designated by reference number 156, since instead 
of terminating at the lower plate 126, the fibre optic bundle 
carries on through the plate 126, and is re-arranged in 
position relative to the other fibre optic bundles extending 
through the plate 126, so as to be positioned as required 
adjacent the input face of the filter 122. In order to 
maintain the registration of the output ends of the fibre optic 
bundles such as 156, an exit plate 158 (shown in dotted 
outline), is provided with appropriate apertures within which 
the lower ends of the fibre optic bundles 156 are embedded. 

Where the field of view of the camera has an aspect ratio of 
say 4:3, the array of fibre optic bundles in the plate 158 is 
arranged so as to approximate to that ratio. Where there are 
96 wells and 96 fibre optic bundles, the latter may be arranged 
in 12 rows, each containing 8 bundles. In this way the image 
presented to the camera can be optimised. 

If the area available at the camera input is insufficient to 
accommodate the total area of the fibre optic bundles presented 
thereto, the optical fibres making up each bundle may be 
tapered in cross-section from the input to output, so that the 
area of the bundle presented to the filter is smaller than the 
area of the fibre optic bundle presented to the well plate. 
This allows for a greater packing density of fibre optic 
bundles at the camera input. However it may also result in 
light loss and other undesirable optical effects and 
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alternative techniques are preferred. 
General construction and design points 

The adaptor plate is of silica glass and has a diameter to 
match camera input, with composite transfer rods glued into a 
pattern of holes matching the positions and spacing of the 
wells. Excitation light enters the plate through light guides 
placed around the circumference of the plate, and excitation 
light passes from the plate into the rods and thence into the 
wells. 

Composite transfer rods should have the same diameter as the 
wells, and typically will be 1mm in diameter. Each rod 
comprises optical fibres each of diameter 0.1mm having a 
numerical aperture (NA) of 1.0 for emission light, but being 
non-DV transmitting. Each fibre has a DV blocking/ref lecting 
coating or sheath. The fibres are set in and extended through 
a block of UV transmitting, non-f luorescing glass, with 
approximately the same refractive index as the material from 
which the remainder of the adaptor plate is formed. The 
surface of each rod under each well is polished and in contact 
with (or very slightly spaced from) the flat transparent well 
bottom. Excitation light can enter the bottom of the well at 
many different angles. The emission light is accepted within 
the NA of the conducting fibres and is conveyed to the bottom 
of the rod along the fibres. The material from which the 
fibres are made blocks the leakage of UV through the rod. 

The remaining surfaces of the adaptor plate are coated for 
example with titanium dioxide/epoxy to form a reflecting layer. 
Silica glass at the bottom of each rod is etched back to allow 
coating or selective blackening. 

where each rod is nominally of 1mm diameter, it can container 
perhaps 80 fibres each of a diameter 0.1mm so that 



approximately 80% of the area of the rod is available for 
collection of emission light, and 20% of the cross-section of 
the rod is available for the transmission of excitation light. 

The adaptor plate can be stood off from the camera input to 
allow the insertion of a thin emission filter without serious 
cross-talk between wells. 

The efficiency of light reflection up to the input faceplate 
of a camera is given by the expression on the next line: 

0.8* ( 1 * = 36% 
1.5 

The first factor is the fraction of fibres in the rod and the 
second is the effect of the numerical aperture (NA) of a fibre 
viewing a liquid in a well. 

The excitation source of the ultra-violet can utilise parallel 
optics and hence incorporate interference filters in a free 
standing source. Light transf erred to the circumference of the 
adaptor plate with light guides (such as liquid light guides 
having a numerical aperture of 0.47) will give 60% 
transmittance at wavelengths of the order of 350nm. 
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C934.00/C 
Claims 

1. A fibre optic coupling plate having a sample viewing face 
for receiving light from a sample, an output window for 
conveying sample originating (emitted) light to an imaging 
detector and an additional window through which excitation 
radiation can be projected, wherein there are provided a 
primary light path through the plate made up of optical fibres 
which will convey light entering the viewing face, directly and 
with minimal loss, to the output window, and a secondary light 
path separate from the primary light path, by which excitation 
radiation entering the additional window is conveyed to the 
viewing face for irradiating the sample. 

2. A coupling plate according to claim 1, including radiation 
reflecting or absorbing means to restrict the exit of 
excitation radiation therefrom except as required to irradiate 
the sample. 

3. A coupling plate according to claim 2, wherein, where the 
material forming the coupling plate is not opaque to the 
excitation radiation, the optical fibres forming the primary 
path are coated or sleeved with a material resistant to the 
transmission of the excitation radiation, and those areas of 
the output window not occupied by the optical fibre ends are 
rendered impervious to excitation radiation to prevent the 
latter from exiting in the direction of the detector. 

4. A coupling plate according to any of claims 1 to 3, wherein 
the primary light path fibres are formed from a material which 
readily transmits light emitted from the sample but only poorly 
transmits excitation radiation wavelengths. 

5. A coupling plate according to any of claims 1 to 4, wherein 
the secondary path comprises a second set of optical fibres 



which are bundled with the first set of fibres forming the 
primary path, the fibres of both sets terminating in and 
comprising at least part of the sample viewing face. 

6. A coupling plate according to claim 5, wherein the ends of 
the fibres from the two sets are interspersed in a random 
manner across the face of the sample viewing window or are 
arranged in a particular pattern so that the fibres of the 
first set bear a fixed relationship both in position and number 
relative to the fibres of the second set. 

7. a coupling plate according to any of claims 1 to 6, 
wherein, where the second path is comprised of fibres, they are 
formed from a material which readily transmits excitation 
radiation wavelengths. 

8. A coupling plate according to any of claims 1 to 7, wherein 
the secondary path comprises selected optical material which 
is capable of transmitting the excitation radiation and which 
surrounds, but is optically screened, from the optical fibres 
which convey the image light to the output window. 

9. A coupling plate according to claim 8, wherein the selected 
material is in the form of a sleeve around each of the fibres 
of the first set, or in the form of a block of material through 
which all the fibres in the first set extend. 

10. A coupling plate according to claim 8 or claim 9, wherein 
the coupling plate is formed from the said selected optical 
material and the fibres conveying the light from the sample to 
the detector are coated or sleeved with a material which is 
impervious at least to the excitation radiation wavelengths. 

11. A coupling plate according to any of claims 5 to 10, 
wherein each of the optical fibres in the first set comprises 
a bundle of parallel very small diameter fibres, each of which 
is coated to prevent the ingress of excitation radiation and 
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which are bundled with the first set of fibres forming the 
primary path, the fibres of both sets terminating in and 
comprising at least part of the sample viewing face. 

6. A coupling plate according to claim 5, wherein the ends of 
the fibres from the two sets are interspersed in a random 
manner across the face of the sample viewing window or are 
arranged in a particular pattern so that the fibres of the 
first set bear a fixed relationship both in position and number 
relative to the fibres of the second set. 

7. A coupling plate according to any of claims 1 to 6, 
wherein, where the second path is comprised of fibres, they are 
formed from a material which readily transmits excitation 
radiation wavelengths. 

8. A coupling plate according to any of claims 1 to 7, wherein 
the secondary path comprises selected optical material which 
is capable of transmitting the excitation radiation and which 
surrounds, but is optically screened, from the optical fibres 
which convey the image light to the output window. 

9. A coupling plate according to claim 8, wherein the selected 
material is in the form of a sleeve around each of the fibres 
of the first set, or in the form of a block of material through 
which all the fibres in the first set extend. 

10. A coupling plate according to claim 8 or claim 9, wherein 
the coupling plate is formed from the said selected optical 
material and the fibres conveying the light from the sample to 
the detector are coated or sleeved with a material which is 
impervious at least to the excitation radiation wavelengths. 

11. A coupling plate according to any of claims 5 to 10, 
wherein each of the optical fibres in the first set comprises 
a bundle of parallel very small diameter fibres, each of which 
is coated to prevent the ingress of excitation radiation and 
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the exit of light from within the fibre. 

12. A coupling plate according to claim 11, wherein the small 
diameter fibres in each bundle are also separated one from the 
other by selected optical material which also surrounds and 
separates one bundle of fibres from adjacent bundles of fibres. 

13. A coupling plate according to any of claims 1 to 12, 
wherein the plate includes a large number of separate fibres 
or fibre bundles, distributed substantially uniformly across 
at least the input face area of the plate, each fibre or bundle 
of fibres extending from the input face to another face 
thereof, which serves as the output window. 

14. A coupling plate according to claim 13, wherein the input 
face area is larger than the input window area so that the 
density of the fibres or bundles in the latter is greater than 
is the density of the fibres or bundles in the former. 

15. A coupling plate according to any of claims 1 to 14, 
wherein, where the coupling plate is to be used with a sample 
having a regular array of reaction sites or wells, the fibres 
(or bundles of fibres) are arranged (at least over the input 
face of the plate) in the same pattern and with the same 
interstitial spacing as are the sites in the sample, so that 
registration is possible between sites and fibres (or fibre 
bundles), one fibre (or fibre bundle) registering with each 
site. 

16. A coupling plate according to claim 15, comprising a fibre 
bundle associated with each site, in which the individual 
fibres are spaced apart by the said selected optical material 
from which the plate is also formed, and the area of the bundle 
is commensurate with the area of the site or well. 

17. A coupling plate according to claim 16, wherein the number 
of fibres (or fibre bundles) is a fraction of the number of 
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sites in the sample and all of the latter can be inspected, 
albeit in a sequence of steps, by moving the sample relative 
to the coupling plate input face (or vice versa) until all of 
the sites have been brought into registry with the fibres 
(bundles of fibres) at one time or another in the said sequence 
of steps. 

18. A coupling plate according to claim 8, wherein, where the 
excitation radiation is in the ultra-violet, the said select 
optical material is silica glass. 

19. A coupling plate according to claim 18, wherein, where the 
fibres extend into the input window surface , the area of the 
window surrounding each fibre (whether large individual ones 
or small diameter fibres making up bundles) is rendered opaque 
to ultra-violet radiation by acid etching the silica glass, 
coating the whole surface of the output window with a titanium 
dioxide or epoxy and then grinding the coating material down 
to expose the ends of the fibres while leaving the coating 
material in the troughs created by the etching process in the 
surface of the glass surrounding the fibres. 

20. A coupling plate according to any of claims 1 to 19, 
wherein a source of excitation radiation is directed through 
a window in the edge of the plate, and the edge and output face 
surface of the plate are all coated so that the only exit path 
for excitation radiation is towards the sample, through the 
optical material from which the coupling plate is formed which 
surrounds the fibres in the input face, 

21. A coupling plate according to claim 20, including filters 
or shutters to prevent the ingress of excitation radiation 
except when required. 

22. A method of checking for fluorescence in a sample, 
comprising the steps of irradiating the sample with excitation 
radiation, removing or ceasing the excitation radiation, and 
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conveying any fluorescent light arising from the sample via 
fibre optic means to the input of a detector, wherein the 
excitation radiation is projected into a coupling plate through 
which the optical fibres extend, and the plate includes an 
optical path by which the excitation radiation can exit to the 
sample. 

23. Apparatus for imaging fluorescence light arising from 
reaction sites in a pre-excited sample, comprising a sample 
holder, a coupling plate adjacent the holder having fibre optic 
means extending from the face thereof adjacent the sample 
holder to an input window of a detector such as an image 
intensifying CCD camera, a source of excitation radiation, 
housing means containing the source and the coupling plate, an 
optical path through the coupling plate for conveying 
excitation radiation to at least one area of the face of the 
plate adjacent the sample holder, means preventing excitation 
radiation from leaving the coupling plate at least in the 
direction of input window of the detector, means for 
controlling either the excitation radiation source or shutter 
means, so as to enable excitation radiation to be projected 
into the coupling plate only when required, signal processing 
means receptive of electrical signals from the detector means 
for at least storing and/or displaying the electrical signals 
as visually distinguishable regions in a visual display 
corresponding to part of or the whole of the input window of 
the detector. 

24. Apparatus according to claim 23, wherein the signal 
processing circuit means attributes different colours to 
different intensities of light incident on the detector. 

25. Apparatus according to claim 23 or claim 24, wherein, 
where wavelength discrimination is required, filter means is 
provided to enable the detector to be responsive first of all 
to one wavelength, and then another. 



26. Apparatus according to any of claims 23 to 25, wherein a 
very small gap is provided between the sample and the input 
face of the coupling plate and/or between the output window and 
the input window of the detector, the size of such gap being 
such as to not permit an unacceptable increase in cross-talk 
to occur. 

27. Apparatus according to any of claims 23 to 26, including 
drive means for accurately indexing the sample holder relative 
to the coupling plate (or vice versa). 

28. Apparatus according to claim 27, wherein the drive means 
is computer controlled and the latter is also programmed to 
control the production of the excitation radiation (or the 
operation of a shutter or other device for exposing the 
coupling plate to the excitation radiation), as required, and 
for whatever duration is required. 

29. A coupling plate according to claim 15, wherein the 
optical fibres forming the primary light path in the coupling 
plate are arranged in groups, and each group is arranged to 
receive emission radiation from a single sample site, to 
transfer the emission radiation from that site to a discrete 
region of the output window viewed by the camera. 

30. A coupling plate according to claim 29, wherein the groups 
form fibre optic bundles. 

31. A coupling plate according to claim 30, wherein the 
external surface of the fibres making up each bundle, or at 
least the outside surface of the bundle, is formed with an 
opaque coating. 

32. A coupling plate according to claim 30 or claim 31, 
wherein the area of cross-section of the input end of each 
bundle is commensurate with but a little smaller than the 
cross-section area of the sample site from which radiation may 
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be emitted into the bundle. 

33. A coupling plate according to any of claims 30 to 32, 
wherein an annular shield is provided around the end of the 
bundle so as to prevent direct ingress of excitation radiation 
into the input end of the bundle, and to generally direct 
excitation radiation towards the outer annular region of the 
reaction site, through which region the excitation radiation 
passes. 

34. A coupling plate according to any of claims 30 to 33, 
wherein a plurality of reaction sites are arranged in the form 
of wells in a so-called multi-well plate, the wells and the 
fibre optic bundles are generally circular in cross-section, 
the well sites all have the same diameter, the fibre optic 
bundles are all of another slightly smaller diameter, and the 
circular cross-section fibre optic bundles are centrally 
aligned, one below each well site. 

35. A coupling plate according to claim 34, wherein the base 
of each well is transparent to both emission and excitation 
radiation and in order to reduce cross-talk between adjacent 
well sites an apertured opaque plate is located immediately 
below the wells, the apertures in the plate being circular and 
spaced so as to align with the wells. 

36. A coupling plate according to claim 34, wherein instead 
of forming openings in an opaque plate, the latter is formed 
from material which is transparent to both excitation and 
emitted wavelength, and those regions which are required to be 
opaque are coated or impregnated with an appropriate non 
transmittive material, so as to inhibit the passage of either 
excitation or emitted radiation except through the untreated 
window regions left in the plate. 

37. A coupling plate according to claim 36, wherein the 
windows are formed from the same material as is the base of the 



wells. 
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38. A coupling plate according to claim 36, wherein, where the 
underside of the well window is spaced from the end of the 
fibre optic bundle, the gap between it and the end of the fibre 
optic bundle is filled with a transparent material having a 
similar refractive index to that of the well base and, if 
provided, an intermediate window. 

39. A coupling plate according to any of claims 30 to 38, 
wherein the end of the fibre optic bundle is surrounded by an 
annular sleeve of excitation wavelength transmittive material, 
the inner surface of which is formed with an opaque and 
possibly reflective coating, to prevent the passage of 
excitation or emitted radiation therethrough, and the fibre 
optic bundle terminates part way through the sleeve and a 
transparent plug is fitted into the remaining space within the 
annular sleeve. 



40. A coupling plate according to claim 39, wherein the 
transparent plug fitted within the annular sleeve surrounding 
the end of the fibre optic bundle is formed from filter 
material so that radiation of one wavelength is favoured 
relative to radiation of another. 

41. A coupling plate according to any of claims 29 to 40, 
wherein the output end of the fibre optic plate is coupled to 
a camera input window via a filter. 
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